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estimate	 population	 viability	 and	 future	 prospects	 across	 Europe	 of	 the	 Little	Owl	
Athene noctua,	 a	 widespread	 species	 associated	 with	 agricultural	 landscapes.	 The	
	results	show	a	high	risk	of	population	declines	over	the	coming	100	years,	especially	
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1  | INTRODUCTION





























(RAMAS),	 species	 interactions,	and	disease	spread	 (Akcakaya,	2000;	
Andersen,	Sunde,	Loeschcke,	&	Pertoldi,	2015;	Bradshaw	et	al.,	2012;	
Larue	&	Nielsen,	2016;	Olsen	et	al.,	2014;	Prowse	et	al.,	2013).








2015;	Pellegrino,	Negri	 et	al.,	 2015).	 It	 can	be	 found	 in	many	 types	
of	habitats	including	agricultural	fields,	orchards,	open	woodland,	and	
steppes	and	tend	to	avoid	closed	forest	and	heavily	buildup	areas	(Exo,	
1992;	 Génot	 et	al.,	 1997;	 Gottschalk,	 Ekschmitt,	 &	Wolters,	 2011;	
Nieuwenhuyse	 &	 Bekaert,	 2002;	 Tome,	 Catry,	 Bloise,	 &	 Korpimaki,	
2008;	Zabala	et	al.,	2006).	The	Little	Owl	is	sedentary,	and	juveniles	
usually	 settle	 within	 20	km	 of	 their	 nesting	 place	 (Bønløkke	 et	al.,	





&	 Suarez,	 2005;	 Thorup	 et	al.,	 2010;	 Zmihorski,	 Altenburg-	Bacia,	
Romanowski,	 Kowalski,	 &	Osojca,	 2006;	 Zmihorski,	 Romanowski,	 &	
Osojca,	2009).
Using	 the	 Little	 Owl	 as	 a	model	 species,	we	 aim	 at	 providing	
information	valuable	for	the	management	of	Little	Owl	populations	
across	 Europe.	We	 achieve	 this	 aim	 by	 compiling	 information	 on	









the	 next	 100	years.	A	 time	 frame	 of	 100	years	 is	 commonly	 used	
for	PVA	and	is	suitable	for	organisms	with	shorter	lifespans	(Boyce,	
1992;	Murn	&	Botha,	2017;	Walters,	Crowder,	&	Priddy,	2002).	 If	
the	MVP	 is	 larger	 than	 the	 actual	 population	 size,	 the	 population	
may	not	be	viable.	Second,	we	wish	to	look	at	Little	Owl	distribution	
at	a	macroscopic	landscape	scale	across	the	European	range.	Using	
habitat	 suitability	 analysis,	we	aim	 to	 investigate	 the	 factors	most	
important	 for	 the	presence	of	 the	 Little	Owl	 at	 a	European	 scale.	
Finally,	we	 used	 the	 PVA	 program	 RAMAS	 is	 used	 to	 predict	 the	
possible	future	distribution	and	population	trend	of	the	Little	Owl	
within	 Europe	 when	 including	 demographic	 knowledge	 alongside	
spatial	information.
2  | MATERIALS AND METHODS
The	materials	and	methods	section	is	subdivided	into	several	sections.	














or	 less	 isolated	 populations,	 but	 for	 convenience,	 it	 will	 be	 termed	
“population”	 in	 the	 following),	 an	 Italian	 population	 divided	 into	 a	
southern	and	northern	population	and	a	Greek–Romanian–Cypriote	
population.
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2.2 | VORTEX simulations
VORTEX	is	a	PVA	software	that	enables	the	user	to	include	genomic	
datasets	 and	model-	predicted	 changes	 in	 the	 genomic	 layout	 along	




2.2.1 | Populations and study area
In	both	the	VORTEX	and	RAMAS	(see	later)	simulations,	the	European	
populations	of	Little	Owl	were	modeled	as	a	metapopulation,	consist-
ing	of	populations	 and	 subpopulations	 that	 to	 a	 varying	degree	 are	
connected	as	a	function	of	distance.
The	 populations	 simulated	 in	 the	 VORTEX	 analysis	 consisted	
of	 several	 large	 populations	 defined	 by	 their	 genetic	 structure	
(Section	2.1).	The	western	European	population	is	estimated	to	con-
tain	198,000–638,000	individuals	(Spain	80,000	individuals,	Portugal	
116,000–274,000	 individuals,	 France–Denmark–the	 Netherlands	
56,000–118,000	 individuals).	 The	 total	 Italian	 population	 counts	
80,000–140,000	 individuals.	The	 Balkan	 population	 is	 estimated	 to	

















































of	 interest	 (Table	S1).	This	K	was	used	 in	 the	 simulation	where	 the	
initial	population	size	was	varied.
2.2.3 | Density dependency
Populations	 of	 Little	Owl	 breed	 in	 a	 density-	dependent	manner,	 as	
isolated	pairs	lay	larger	clusters	(Bultot,	Marié,	&	Van	Nieuwenhuyse,	




















The	mortality	 rate	differs	greatly	among	 juvenile	birds	 (<1-	year	old)	
and	 adult	 birds,	 and	 between	 populations.	 Therefore,	 population-	
specific	 mortality	 rates	 were	 used	 if	 available	 (Table	 S2).	 When	
population-	specific	mortality	rates	could	not	be	obtained,	simulations	





Boatti	 et	al.	 2015).	 The	 genomic	 dataset	was	 used	 to	 estimate	 the	
genomic	development	of	the	population	under	the	simulated	condi-






Croatia,	 Czech	 Republic,	 Denmark,	 Estonia,	 France,	 Germany,	
Hungary,	Italy,	Ireland,	Kosovo,	Latvia,	Lithuania,	Macedonia,	Moldova,	

















To	 avoid	 including	 highly	 correlated	 variables	 in	 the	 regression,	












































entire	 area	 of	 interest	 using	 Equation	2.	As	 a	 logistic	 regression	 (y,	
Equation	3)	was	used	to	describe	presence/absence	of	the	Little	Owl,	
the	 logit	 link	 function	 (Equation	2)	describes	 the	probability	 (p)	 that	
the	owl	is	present	(Akçakaya	&	Root,	2013):
2.4 | RAMAS/GIS and RAMAS Metapop






for	 modeling	 the	 initial	 species	 distribution,	 and	 RAMAS	 Metapop	
incorporated	 both	 the	 initial	 distribution	 found	 in	 RAMAS/GIS	 and	
included	population-	specific	life	history	data	and	stochastic	events.














(3)y = β + β1 ⋅x1 + β2 ⋅ x2 +⋯+ βn ⋅ xn
F IGURE  1 European	distribution	map	of	the	Little	Owl	Athene noctua	used	on	the	RAMAS	simulations.	Gray	is	present,	white	is	absent.	
Within	Europe,	the	Little	Owl	is	native	to	all	but	Great	Britain,	where	it	has	been	introduced
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2014).	RAMAS/GIS	was	used	to	estimate	the	number	and	 locations	
of	populations	within	the	European	population	(Table	S4	and	Fig.	S3).	
Using	 the	 geographical	 location	 of	 each	 population,	 the	 population	
was	assigned	a	low	and	a	high	initial	population	size	on	basis	of	the	






A	 stage-	structured	 model	 of	 survival	 and	 fecundity	 was	 used.	 The	
stages	included	were	a	fledgling	(0-	to	1-	year	olds),	a	 juvenile	(1-	to	
























In	 Little	 Owls,	 ringing	 data	 have	 recorded	 the	 maximum	 dispersal	




























the	 Italian	populations,	 and	 the	Spanish	population	 (Table	2).	 In	 the	
northern	 European	 population	 and	 the	 Portuguese	 population,	 the	
stochastic	growth	rate	was	negative	(Table	2).







not	 be	 estimated.	The	 Portuguese	 population	was	very	 sensitive	 to	
changes	in	the	mortality	rates,	and	an	increase	in	mortality	from	70%	
to	75%	in	juveniles	and	from	35%	to	38%	in	adults	greatly	increased	
the	 risk	 of	 extinction	within	 a	 100-	year	 period.	The	MVP	was	 only	
estimated	for	populations	with	a	positive	or	stable	growth	rate.	The	




mortality	 rates,	while	 on	 average	 1,375	 individuals	were	 needed	 at	
high	mortality	rates	(Table	3).	The	Balkan	population	did	not	seem	par-






(4)Mij = a exp (−D
c∕b
ij ) ifDij≤ Dmax
(5)0 ifDij>Dmax
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5,000	to	30,000	individuals	is	needed	to	maintain	99%	genetic	diver-













ysis	 in	R,	where	10	were	 found	 significant	 (Table	4,	 Figure	2a).	 The	
species	was	limited	by	the	proximity	to	inland	water	bodies,	sparsely	




of	Little	Owls.	The	annual	mean	 temperature	and	 temperature	 sea-
sonality	 also	 had	 a	 positive	 influence	 on	 the	 presence	 of	 the	 Little	
Owl,	along	with	the	presence	of	urban/industrial	areas	and	altitude.
As	 illustrated	 by	 the	 habitat	 suitability	 map	 (Figure	2b),	 the	 HS	
function	 predicts	 a	 large	 area	 of	 potentially	 suitable	 habitat	 for	 the	
Little	 Owl,	 excluding	 high	 mountainous	 areas	 (The	 Alps	 and	 The	
Pyrenees),	northern	Great	Britain,	the	north	of	Denmark,	and	in	Latvia.












































Low mortality High mortality
K (MVP95%) K (MVP99%) K (MVP95%) K (MVP99%)
Balkan 1,000 4,500 1,000 6,500
Italy	N 1,000 5,000 1,000 30,000
Italy	C 1,000 4,500 1,000 10,000
Spain 1,000 4,500 1,000 20,000
Italy	(C	and	N) 2	×	500 2	×	2,500 2	×	1,000 2	×	4,000
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lation	 at	 present	 (Pertoldi	 et	al.,	 2012).	 Further,	 PVA	on	 the	Danish	
population	predicts	it	to	perish	within	the	near	future	(Andersen	et	al.,	
2015).	An	 increased	mortality	 level	decreased	the	stochastic	growth	





As	 the	 Balkan	 population	 counts	 24,000–65,000	 individuals,	
the	 population	 can	 be	 considered	 genetically	 viable.	 The	 Balkan	
population	 consists	 of	 the	 Cypriote	 population	 of	 4,000–10,000	
individuals,	the	Greek	population	of	5,000–15,000	individuals,	and	
the	 Romanian	 population	 of	 15,000–40,000	 individuals	 (BirdLife	









genetic	drift	 is	not	 likely	 to	pose	a	great	 threat	 to	 the	population.	
The	 Italian	 populations	 can	 be	 considered	 genetically	viable	 inde-
pendently	of	each	other	and	be	managed	as	separate	demographic	
units	 without	 risking	 the	 loss	 of	 a	 significant	 amount	 of	 genetic	
diversity.	 The	 Spanish	 population	 can	 be	 considered	 both	 geneti-
cally	 viable	 and	 demographically	 independent	 concerning	 popu-



























Intercept 6.5710000 0.360000 <2e−16***
Permanent	crops 0.0439200 0.029140 .1317
Water −0.3748000 0.054000 3.91e−12***
Forest −0.0360000 0.024530 .1422
Sparse	vegetation −0.1225000 0.061150 .045194*
Arable	land 0.0715700 0.026070 .006054























Mixed	agriculture −0.0250200 0.038200 .5125
Significant	variables	in	the	model	are	highlighted	in	boldface.	The	signifi-
cance	codes	for	the	t	value	are	as	follows:	***0.001;	*0.05.
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et	al.,	 2006).	 Increasing	 tree	cover	did	on	 the	other	hand	affect	 the	
Little	 Owl	 negatively,	which	 also	 conforms	well	with	 several	 inves-
tigations	 showing	 that	 Little	 Owls	 avoid	 forested	 areas	 (Gottschalk	
et	al.,	 2011;	 Nieuwenhuyse	 et	al.,	 2008;	 Sunde,	 Thorup,	 Jacobsen,	






and	 large	 range	 at	which	 the	 regression	model	was	 built.	 It	 could	
also	be	due	to	the	scale	at	which	the	Little	Owl	is	registered	is	larger	
than	Little	Owl	home	range.	A	study	on	Eurasian	Eagle	Owls,	Bubo 
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(Martínez,	Serrano,	&	Zuberogoitia,	2003).	A	GLM	was	built	for	each	
scale,	and	Martínez	et	al.	(2003)	found	that	their	models	were	best	
at	 predicting	 the	 presence/absence	 of	 the	 Eurasian	 Eagle	 Owl	 at	
home	 range	 scale	 and	 below.	The	model	 build	 at	 landscape	 scale	
only	accounted	for	25.97%	of	the	deviance	in	the	distribution.	The	
Eurasian	Eagle	Owl	depended	more	on	small-	scale	features	such	as	
nesting	and	 feeding	grounds	 than	on	 landscape	ecology	 (Martínez	
et	al.,	 2003).	This	 could	be	 the	 case	 for	 the	Little	Owl	 as	well.	As	
an	 obligate	 cavity	 breeder,	 the	 Little	Owl	 can	 only	 settle	 in	 areas	
where	nesting	cavities	are	present.	At	a	large	scale,	it	was	not	pos-
sible	 to	 include	 the	presence	of	nesting	cavities	 in	 the	analysis.	A	
study	 of	 habitat	 preference	 of	 the	 Little	Owl	 and	 the	 Long-	eared	
Owl Asio otus	 in	Spain	also	 looked	at	different	 scales	 (Martínez	&	
Zuberogoitia,	2004).	Again,	the	presence	of	both	species	was	best	
described	at	 the	nest-	site	or	home	range	scale,	whereas	 the	 land-
scape	scale	model	had	the	least	predictive	power.	The	presence	of	
Little	 Owl	 was	 especially	 correlated	 with	 arid	 plantations,	 which	
is	where	the	Little	Owl	primarily	 finds	nesting	cavities	 in	this	area	
(Martínez	&	Zuberogoitia,	2004),	further	confirming	that	Little	Owl	
distribution	might	 be	 closely	 linked	 to	 features	 on	 a	 home	 range	
scale	 rather	 than	 landscape	 scale.	Throughout	 its	 range,	 the	Little	
Owl	 is	 found	within	 different	 habitat	 types	 (Nieuwenhuyse	 et	al.,	






factors.	This	might	 be	 because	 habitat	 preference	 of	 owl	 species	 is	
best	 described	 at	 a	 home	 range	 scale	within	 a	 smaller	 geographical	
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4.3 | Population viability and spatial distribution

















cies	of	 birds	 linked	 to	 a	 forest	 habitat	 have	 increased	over	 the	 last	
decades,	birds	associated	with	 farmland	areas	have	 largely	declined	






to	 eastern	 European	 countries	 formerly	 part	 of	 the	 USSR	 (Donald,	
Green,	&	Heath,	2001).	Several	widespread	farmland	species	gener-
ally	considered	common	(large	range	and	listed	as	Safe	by	the	IUCN)	
have	 experienced	 dramatic	 declines,	 including	 the	Willow	 Tit	Parus 
montanus	 and	 the	 Lesser	 Spotted	 Woodpecker	 Dendrocopos minor 
(PECBMS,	 2007).	And	 as	 the	 agricultural	 production	 is	 expected	 to	
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lands	is	likely	to	continue	(Tilman,	1999).	It	is	therefore	of	utmost	im-
portance	to	identify	indicator	species	whose	population	trend	reflect	


























be	 true	 for	 parts	 of	 the	 European	 population	 (Nieuwenhuyse	 et	al.,	
2008).	But	 in	central	and	western	Europe,	the	populations	are	 likely	
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When	managing	populations	of	Little	Owl	within	Europe,	popula-
tion	size	is	an	important	factor	if	wanting	to	preserve	genetic	diversity	
and	 evolutionary	 potential.	 Depending	 on	 the	 actual	 survival	 rates	
of	the	population,	our	analysis	indicated	that	there	must	be	capacity	
for	a	minimum	of	1,000	individuals	to	preserve	95%	genetic	diversity	
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analyses.	 LHA	 conducted	 the	 analyses	 in	 ArcGIS,	 RAMAS/GIS,	 and	
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